The stereochemistry of 1 ,3-eliminative cyclopropanation was established in the NaH-catalyzed condensation system involving carbanionic reagents with chlorine and phosphate as the leaving group.
Cyclopropanes, thermodynamically the least stable alicyclic with the highest strain due to the inherent ring structure, can be synthesized with ease under mild conditions by means of the Michael type condensation. The cyclopropanation of this type can be attained by the following two synthetic schemes: one involves the condensation1} of a carboncarbon double bond species with a carbanion carrying an electro-negative leaving group (Type 1), and the other2) consists in a reaction between the active methylenes and the carboncarbon double bond species bearing an electronegative leaving group (Type 2). The mechanism of the cyclopropane ring formation according to Eq. 1 was elucidated independently by McCoy1] and Inouye3) who established the consecutive process involving the initial nucleophilic attack of the carbanion on the double bond of the Michael acceptor, followed by the intramolecular 1,3-displacement (SN2) to give the cyclopropane. Furthermore, the steric course of the reaction was worked out by Inouye3) and the striking solvent polarity-dependence of the stereochemistry found for this system was thoroughly elaborated. The mechanism through an initial Michael addition of the carbanion generated from the active methylene, and the subsequent proton migration in the intermediary Michael adduct carbanion followed by the intramolecular nucleophilic displacement was tentatively proposed by Schmidt2) for the 1,3-eliminative cyclopropanation, which was confirmed by the deuterium labelling experiment by Nishiyama.4) In this connection, we designed the different synthetic schemes according to Eqs. 1 and 2
which eventually lead to one and identical cyclopropane product and elucidated the factors affecting the stereochemistry by the com- the leaving groups (X) are displaced. Table I shows the cis/trans ratios of the product cyclopropanes (1) obtained by the In all runs, the cisltrans ratios, as measured by vpc after the reaction periods 1, 3, 8 and 24hr, were confirmed to be almost the same.
NaH-catalyzed Michael condensations (runs 1~6) of equimolar reactants in binary solvent media consisting of DMF and benzene, the leaving groups being chlorine or phosphate ester. As can be seen from the tabulated data, in pure DMFand a 1 : 1 mixture ofDMFand benzene, the difference in the cis/trans ratios found for runs 1~3 was slight, whereas the difference was much amplified in runs 4~6. The smaller difference in the cis/trans ratio found for runs 1~3 as compared with those in runs 4~6 may be accounted for by the greater nucleophilicity due to the localization of negative charge in the intermediary carbanion (2) than that in (3) . In particular, the displacement of the leaving group X is seemingly effected in (2) more easily than is in (3): the con formational re-orientation3) of the intermediary carbanions in equilibrium (Scheme 1) before ring closure is more favorably effected in the more stable carbanion (3) than is in (2) because of the difference in electrostatic and steric stabilities.
In view of the easier elimination of the leaving group in (3), the cyclization is effected after the re-orientation of carbanionic conformers, whereas in (1) the ring closure takes place before the conformational reorientation is attained by thermodynamical equilibration.
The predominant formation of the ds-isomer found for runs 1, 2, 3, 4 and 6 in non-polar solvent, pure benzene, is consistent with the previous findings and is reasonably interpreted by invoking Inouye's theory3) of the solvent polarity-dependence of stereochemistry.
(B) The alternative route (Type 2) leading to the same end product (1) is featured by the indispensable intervention of proton migration prior to ring closure (Eq. 2). In this process, therefore, the proton migration step may affect the steric course as well. The reactions (runs 7 and 8 in Table I ) were conducted in exactly the same conditions as those for runs 1~6 of Type 1. The reactions resulted in the remarkably different distribution* of cis and trans isomers and the values of the cisltrans ratio found for runs 7 and 8 were nearly comparable with those for runs 4 and 6 of Type 1 respectively whosesteric course at the cyclization should be the same. This shows that the steric course of this type of reactions is not affected by the intervening proton migration and is controlled principally by the cyclization step. In other words, it then follows that the stereochemical outcome of runs 7 and 8 constitutes the sound stereochemical evidence for the close similarity in mechanismbetween the cyclopropanation with active methylene and the runs 4 and 6 in Scheme 1
*x Thegreater preponderance of one isomer over the other observed in runs 7 and 8 is not due to the secondary isomerisation between cis and trans products primarily formed. the category of Type 1 (Eq. 1). Thus, in case where the Michael acceptor double bond compound was used in 10 times as equivalent as methyl phenylacetate at 40°C in DMF,the cis'l trans ratio was observed in a comparable value (0.15) with that found for run 7 (0.13).
Another observation in the same reaction with equimolar reactants used (run 7) corroborated the constancy of the cis/trans ratio at any interval of reaction time after 1, 3, 8 and 24hr. This obviously shows that the data obtained in runs 7 and 8 represent the primary product distribution which resulted from ring closure, and safely excludes any after-equilibration.
(C) Non-dissymmetric reactions of Type 1
catalyzed by different bases.
In addition to the substrate structure and the solvent polarity, the bases may potentially be responsible for alternation of the steric course of cyclopropanation.
Thus designed were the two systems in which the catalyst base sodium hydride was replaced by sodium hydride plus dibenzo-18-crown-6 (run 9) or 1,8-diaza-bicyclo [5, 4, 0] undecene-7 (DBU; run 10) under the same conditions as for run 1 with sodium hydride employed and the product distribution was estimated by vpc (Table II) .
The observed great preponderance (21 : 1) of the cis over the trans products obtained by the NaH-catalyzed reaction in pure benzene (run 1) was upset by the addition of crown ether which switched the steric course of the original system (run 1) so as to favor the formation of In runs 1 and 10 conducted in DMFmedium, the cations Na+ and [DBU-H]+ to be generated from NaH and ADBU,respectively and potentially to affect the cyclization should reasonably be made inert enough to exert little or no influence to cyclization because of strong solvation with polar DMF.Consistently, almost the same order of the cyclopropane product distribution (0.9~1.2) found for runs 1 and 10 in all media, which is also comparable with that (0.8) in run 1 in DMF, cogently supports the view that in runs 9 and 10 conducted in these solvents, the steric course was determined in such a way that the catalyst bases did hardly affect the cyclization stage. It was revealed from run 1 that sodium hydride used as the catalyst can be a stereochemical controlling factor as well, whose stereochemical effect increased with decrease in polarity of the solvent media employed. In the present study, asymmetric systems of the same type was carried out in exactly the samemannerexcept that the leaving group was now phosphate ester instead of chlorine. Thus, the effect of leaving group on the steric course was observed in the NaH-catalyzed condensation of (-)-menthyl methacrylate with (l-carbomethoxy)ethyl dimethyl phosphate in binary DMF-benzene mixtures of varying polarities. Experimental results were collected in Table  IV and illustrated in Fig. 1 . The enantiomeric excess of the cyclopropane products in the present system with phosphate ester as the leaving group was found to be higher than that for the reaction involving chlorine in the corresponding solvent media. This was also the case with the cis/trans stereochemistry and the dependence of cis/trans ratio on the solvent polarity was found to be more important in the present system than in the chlorine case, as is clearly indicated by the steeper slope of the Kirkwood-Onsager plots (Fig. 1) . The strict obedience of both stereochemistries to the Kirkwood-Onsager equation found for the present asymmetric system shows that the same steric course is followed by the present phosphate-eliminating cyclopropanation as that in the chlorine case.
EXPERIMENTAL
( 1-Carbomethoxy) methyl dimethyl phosphate, CH2COOMe OP (O) (OMe)2 Dimethyl phosphorpchloridate6)
(1 mol) was added dropwise to a solution of methyl glycolate (1 mol) and pyridine (1 mol) in benzene (120ml) at room temperature. 
( -)-Menthyl atropate1]
Atropic acid8) (15g) prepared from tropic acid9) was added at room temperature to a solution of thionyl chloride (12g) and /-butyl eatechol10) (500mg), DMFn) (700mg) in benzene (30ml). After 5hr, the solution was stirred at 40°C for 40min and then hydrogen chloride, unreacted thionyl chloride and benzene were removed under reduced pressure at room temperature. The residue (atropic acid chloride)12) was added dropwise to a solution of (-)-menthol (llg) and pyridine (6g) in benzene (100 ml) under ice cooling. After the solution was stirred at roomtemperature overnight, water was added to the solution and the ( -)-menthyl atropate was extracted with ether. The liberated menthol wasremovedfrom the extract with silica gel column («-hexane).
(-)-Menthyl atropate was further purified by distillation to remove menthol contaminated, bp 138~142°C/0.35mmHg, yield 17.6g (60%), n2D5 1.5138, PMR; S (CC14) 7.37 (5H, s, phenyl)
6.28 (1H, d, vinyl) 5.83 (1H, d, vinyl) .
(1-Carbomethoxy) ethyl dimethyl phosphate, CH3CHCOOMe OP(O)(OMe)2 This was synthesized by the same way as (1-carbomethoxy)methyl phosphate {vide supra) by the reaction of dimethyl phosphorochloridate and methyl lactate. bp 95°C/0.4 mmHg, yield 42%, ng 1.4173, PMR; S (CC14) 4.80 (1H, m, C-H) 1.56 (3H, d, C-CH3) 3.68 (3H,
cis-trans Stereochemistry ofnon-dissymmetric reaction of Types 1 and2 as shown in runs 1~8.
The synthetic procedure is exemplified by a typical system of run 1 (the reaction of methyl phenylchloroacetate and methyl acrylate) in a mixture of benzene and DMF(1: 1 by volume). The reactions of runs 1~8 were repeated in exactly the same manner except that the solvent composition was varied.
Methyl phenylchloroacetate (92mg, 0.5 mmol) was allowed to react in the presence of NaH(dispersed in oil from Metal Hydride, Inc., 50% purity, 25 mg, 0.5 mmol) in 1.0ml of the mixed solvent (benzene-DMF=l : 1 by volume) at 20°C with stirring in water bath. The cis/trans isomer ratio in the reaction product was measured by directly injecting an aliquot drawn from the reaction mixture to analytical FID-vpc (chlomosorb W, 80~100 mesh, 20%-apiezon grease L, 1 m-column and 5%-PEGS, 2m-column, 170~200°C) at the time intervals (1, 3, 8 and 24hr ) and the ether extract after 24hr's stirring. The cis/ trans ratio (1.0) found for the reaction did not vary both at the time intervals and after the completion of the reaction. This was also the case in the other solvent systems of this reaction and runs 2~8. It may be safely concluded that the cisItrans product ratio as measured by vpc duly represents the product ratio in the reaction mixture, since the inspection of IR-spectra clearly showedthe absence of any by-product in the respective vpc-peak-fractions, and no isomerization of the authentic cis-and trans-isomcrs was observed on vpc-treatment under the same conditions.
cis-trans Stereochemistry of run 1 using DBUor crown ether The synthetic procedure with the use of DBUas base was followed in the same way as for the reactions with NaH, and the cisItrans ratio was determined by vpc as mentioned above.
The procedure using dibenzo-18-crown-6 (crown ether)
was followed with a slight modification. The solution of methyl phenylchloroacetate (92 mg, 0.5 mmol) and crown ether (180mg, 0.5 mmol) in benzene(l ml) was stirred in the presence of NaH (50% purity, 25mg, 0.5mmol) for 5min, and then methyl acrylate (43mg, 0.5 mmol) was added to this reaction mixture, which waskept at 20°Cin water bath with stirring. Thecis/trans ratio was measured by injecting an aliquot drawn from the mixture and the ether extract in the samemanneras for run 1. Although the pure trans-isomex was obtained by vpc, the cw-isomer could not be separated pure, but the mixture of cis-and rraws-isomers resulted. The cisltrans ratio of the mixture was determined by the same manner as in asymmetric reaction product. The specific rotation of pure cisisomer was computed out from the specific rotation of trans-isomev and that of the mixture. trans-Acetate, n^1.5003, [<x\H5 -2.4°(methanol, c= 5.5), optical yield 5.7% based on maximumrotation5} Mies 41.7°. ds-Diacetate, [Alls +117.2°optical yield 65.5%, based on maximum rotation5)
[a]^178.7°. The IR-and PMR-spectra of diacetates were idendical in every respect with those of the authentic specimen.5) The cisjtrans ratio and the optical rotation of the diacetates were checked by the experimental confirmation that neither epimerization nor racemization of both cisand /ra/w-diacetates occurred under the vpc condition (200°C), i.e. the specific rotation of the authentic cis-as well as fra/w-diacetates did not alter before and after being subjected to vpc separation conditions; the trans-isomer was not detected at all in the vpc spectrum of the cisisomer and vice versa, therefore excluding thermal isomerization of geometrical isomers during the separation under the vpc conditions employed here.
Asymmetric synthesis of dimethyl 1,2-dimethylcyclopropane-l ,2-dicarboxylate The synthetic procedure is exemplified by a typical run in a mixed solvent consisting of benzene and DMF(2 : 8 by volume). The reactions were repeated in exactly the same manner except that the solvent compositionwasvaried. 
